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ABSTRACT

During the spring of 1982, the National Marine Fisheries Service
initiated a multiyear research programto define the effects of river
conditions and dam operations on the current system (flownet) in the
forebay of John Day Damon the Colunbia River and to relate snplt passage
behavior to the physical characteristics of the flow net. Twel ve digital,
magnetic recording current nmeters were deployed in a grid within the
restricted zone adjacent to the damon 13 May 1982. Current velocity and
direction were nonitored until 3 Novenber 1982. During this initial vyear,
research efforts focused on gathering the first general data on flows
within the forebay of John Day Dam and devel oping the conputer software

necessary to ultinmately construct the flow net nodel.



COALS AND OBJECTI VES

Even though collection and transportation facilities are operating at
key danms in the Snake-Col umbia Kiver System significant nunbers of
juvenile salnonids continue to mgrate downstream of their own volition
(Sims et al. 1982). | mproved fingerling bypass systens are being devel oped
to ensure the safe passage of these nmigrants as they encounter the nunerous
dans on their seaward journey (MConnell and Miir 1982; Swan et al. 1982
and 1983).

Special flows, spills, and operating techniques at the dans are also
being used to enhance snolt survival. These techniques are executed on the
prem se that the current system (flownet) in each forebay responds to dam
operations and that smolts in turn respond to the flownet, as suggested by
previous juvenile radio tracking studies conducted by the National Marine
Fi sheries Service (NWS) in John Day forebay (Sinms et al. 1981; Faurot et
al . 1982).

The ultimate objective of the research programreported upon herein is
to define the flownet in the forebay of John Day Dam over a range of flow
conditions and dam operations, and relate it to snolt passage behavior
Such information is fundanental in assessing the effectiveness of providing
special flows and dam operations, and may also be useful in the design of
fingerling bypass systens. To advance toward the ultimate objective, it is
necessary to begin systematically gathering data and devel oping the
cwputer software required to process and anal yze the data. During 1982,

we concentrated on these initial facets of the program



METHODS AND MATERI ALS

From 13 May to 3 Novenber 1982, 12 self-contained, nagnetic recording
current neters (Interocean Systens, Inc., nodel 135 m1/ were deployed in
the forebay of John Day Dam The meters were secured to a self-adjusting
buoy system whi ch nmintained them at a constant depth, 3 m below the
surface of the reservoir. El even of the nmeters were positioned in two
parallel lines which spanned the length of the powerhouse and spillway
approxi mately 115 and 365 mfromthe face of the dam (Figure 1). The 12th
meter was stationed approximately 600 mfromthe dam and 100 m from the
Oregon shore. Each hour both current velocity and direction were nonitored
for intervals ranging from8 to 56 m nutes. Cassette tapes and battery
packs were replaced nonthly to ensure that the neters continued to operate
t hroughout the field season. Mechani cal and electronic problems in these
instrunents did occur, thus the regular nonthly inspections proved to be
quite necessary.

Wthin the neter, data were recorded digitally on the nmagnetic tape
cassettes in an 8-bit binary code. Current velocity was neasured with a
neutral |y buoyant Savonius rotor nounted on carbide pivots running in jewel
beari ngs. The operational range of velocities is rated as 5 to 300
cmsec-1 X 1% of full scale reading. Direction was neasured by a
fluxgate magnetic conpass over the full range of O-359" * 3" magnetic.

Cassettes with encoded data were read into the Burroughs 7800
mai nfrane conputer at the Northwest and Al aska Fisheries Center (NWAFC) via
the digital cassette reader provided with the neters. The tape reader has

mninmal translating capabilities and nerely transfers the coded data into

L/ Reference to trade nanes does not inply endorsenent by the National
Marine Fisheries Service, NOAA
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the mainframe. No software was provided by Lnteroceans Systems, Inc., thus
the extensive and sophisticated prograns necessary to process and anal yze
the data had to be devel oped by NMFS programmers in conjunction with the
Biometrics Unit at the NWAFC.

The maj or conponents constituting the devel opnent of the flow net
nodel are outlined in Figure 2. Once the raw data was stored in the

Burroughs 7800, the data nust be checked for errors and edited before it is

fit to be processed in the analysis program package. The data editing
programs are still being devel oped; portions of the analysis program
however, are operational at this tine. Once we are satisfied with the

performance of these programs, the current nmeter data will be meshed with
the Colunmbia River Operational Hydronet and Management System (CRCHVS) and
dam operations data which are provided by the control roomat John Day Dam

to produce the flow net nodel. Some di screpanci es between the CROHMS file
mai ntained at the U S. Arnmy Corps of Engineers office in Portland, Oregon,

and the control room data have been observed. Cearly, these conflicting
data will affect the resolution of our nodel, and every attenpt is being
made to reconcile them During 1982, in addition to gathering our initial

set of data nost of our efforts were directed at identifying and
t roubl eshooti ng idiosyncrasies peculiar to this brand of current nmeter and

devel oping the conputer programs necessary to analyze the data.
RESULTS AND DISCUSSION

I nspection of data confirns that the current neters are effective in
detecting changes in forebay currents (Figure 3). On 29 May 1982, with a

river flow of 340 kcfs, current velocities increased from 20 to 35
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Figure L.--Flowchart summarizing the major components in the John
Dal; Dan Flow-net Study.
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cmsec-1 at position 10 (center of spillway, 365 m from the dan) as

spill levels increased from 150 to 180 kcfs at 0700 h. Three months |ater,
on 20 August, no spill was occurring and river flow had dropped to 205
kcfs. These conditions resulted in an overall decrease in current velocity
fromthe 29 May | evels and a concomitant shift in current direction away
fromthe spillway towards the powerhouse. The increase in current velocity
from O to approximately 12 cmsec-1 on 20 August appears to be a
consequence of increased power generation which typically occurs during the
morning and continues through the evening hours.

Appendi x A is an exanple of the internediate, diagnostic data file,
which details by hour, for a single location, the river conditions (total
flow and turbine and spill discharge in kcfs and percent turbine and spill
di scharge) as well as the current velocity (cmsec-1) and direction
("mg.). I nspection of these files allows us to assess current patterns
at particular locations and detect any nalfunctioning meters. Furthernore,
and nore inportantly, these files formthe foundation for constructing the
fl ownet nodel .

One of the major problems encountered during the first year's work was
inherent to the manufacturers circuitry in the current nmeters. An
i ndependent data-tinme stanp was not provided with the serial current data,
conplicating and confoundi ng necessary time reconciliation. To solve this
problem the NWS electronics shop devel oped a date-tinme stamp circuit to
incorporate into the neter data. At the tine of this report, the circuitry

has been installed and successfully tested in 10 of the nmeters.



SUMVARY

L. Current patterns were nonitiored within the restricted zone i
John Day forebay from 13 May to 3 Novenber 1982.

2. Current meter circuitry was redesigned by the NWS el ectronics
shop to provide date and tinme information with the serial data.

3. Portions of the conputer software necessary to construct the
fl ownet nodel were devel oped.

4. During the 1982 field season we focused our attention on defining
the flow-net near the dam In 1983, we will attenpt to determine how far
upstream we can detect current fluctuations associated with dam operations

and estimate the tine lag involved between operation adjustnents and

current responses. We ant icipate that by the end of 1983 a conpllete
conmput er progranmm ng package will be available for analyzing the John Day
Dam fl ow net. Additionally, we will track radio tagged juvenile chinook

salnmon in the forebay and evaluate their mgratory behavior with respect to

the prevailing current conditions.



SUMVARY OF EXPENEDI TURES DURI NG 1982

Cat egory: Amount ($ x 103):
Sal ari es 22.3
Transport 0.3
Travei 0.6
Contract Services 3.3
Supplies and Materials 4.2
Equi prrent 90.6 a/
Support

(NOMA, DOC, S.L.U.C) 10. 1

131.4

al Twelve current meters purchased from | nterocean Systens, Inc.



LI TERATURE CI TED

Faurot, D. A , L. C Stuehrenberg and C. W Sins.
1982. Mgrational characteristics of juvenile sal non and steel head
trout in the Colunbia River System 1981. Northwest and Al aska
Fisheries Center, Natl. Mir. Fish. Serv., Seattle, WA 23 p.

McConnell, R J. and W D. Mir.
1982. Prelimnary eval uation of the Bonneville Juvenile Bypass
System--second power house. Northwest and Al aska Fisheries Center,
Natl. Mar. Fish. Serv., Seattle, WA 8 p

Sims, C W, J. C WIllians, D. A Faurot, R C Johnsen, and D. A Brege.
1981. Mgrational characteristics of juvenile salnon and steel head in
the Colunbia River Basin and rel ated passage research at John Day
Dam Vol. | and I1. Nort hwest and Al aska Fisheries Center, Natl.
Mar. Fish. Serv., Seattle, WA 61 p.

Sims, C W, R C. Johnsen, and D. W Brege.
1982. Mgrational characteristics of juvenile salnon and steel head
trout in the Colunbia River System- 1981. Vol. |, Assessnment of the
1981 snolt nigration. Nort hwest and Al aska Fisheries Center, Natl.
Mar. Fish. Serv., Seattle, WA 16 p + Appendi xes.

Swan, G A, R F. Krcna, and C. W Long.
1982. Research to develop on inproved fingerling - protection system
for John Day Dam 1981. Nort hwest and Al aska Fisheries Center,
Natl. Mar. Fish. Serv., Seattle, WA 22 p.

Swan, G A, R F. Krcma, and F.J. Ossiander.
1983. Studies to inprove fish guiding efficiency of traveling screens
at Lower Granite Dam Nort hwest and Al aska Fisheries Center, Natl.
Mar. Fish. Serv., Seattle, WA 20 p + Appendi xes.

10



APPENDI X A

Hourly river flows and current data for Meter 476 at Station Three, 29
Septenber - 3 November 1982. The schematic display on the right side of
each page depicts the current patterns for that hour. The lateral position
of the asterisk relative to the heading at the top of the page (313, 213,
113°mag.) indicates the nean current direction for that hour. The center
value (213°mag.) is normal to the face of the dam The dashed arrow
emanating from the asterisk represents the nean velocity at that neter

(each printed character beyond the asterisk is equivalent to 2

cmsec.-1).
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82 CCT 26 0= 1 100.7 100.1 0,0  C.954 0.000 143 12 1¢ 1.3 : : vecee>
1- 2 29.6 95,8 0.0  0.95¢ 0,000 155 18 ! 0. : : e-n>
2- 1 91.2  90.6 0.0 0,953 0,000 151 9 6 0.7 : : >
[T 89.4  BE.b 9.0 C€.993 0,000 166 8 < 0.f : : o>
- S £9.0  Bt.b 0.0  0.993 ©.000 17¢ ¢ 6 0.4 : 1 ves>
5= 6 105.4 104.8 0.0 0.954 0,000 176 12 6 0.¢ : : eeu>
6= 7 164 10 $ 0.7 : 3 see>
T- &  1B4.L 1BZ2.u 0.0  0.9¢7 0,000 170 S 11 0.9 : : someae>
B~ §  186.0 183,6 CaC  C.9€7 0,000 162 7 1 1.2 : : ememaa>
7-1C  156.1 155.5 0.0  0.956 .00 156 11 9 0.9 : ! amee>
W=-11  148.7 14E.1 0.0 0,956 0,000 167 11 e 1.3 : : eeen>
1112 135.7 139.1 0,0 0,936 0,0M 159 14 7 1.7 : : ems>
1217 155.t 155.¢ 0.0  0.956 0,00y 161 19 19 1.0 : 1 R
13-164  159.7 159.1 C.O 0,956 0.C00 157 11 10 1.1 : : secee>
16515 142.5 141,35 0.0 0,936 0.0% 151 16 $ 2.1 : : 4mcee>
1>-16  137.6 137.0 0.0 C.956 0.000 159 12 9 1.0 : : ceen>
1617  160.7 16043 CeC 04996 0,000 15¢ 9 11 1.6 : : secene>
17-18  150,9 150.3 N0  0.956 0.000 169 7 10 1.2 : : veena>
18-19  149.9 149,35 0.0 0.956 0.000 i5y 8 $ 0uS 3 : acaee>
1920 14642 145.6 0.C 0,996 0,000 152 10 S 047 : : vees>
20-21 13643 133.9 H.0  0.9¢2 0,000 tet 12 e .7 : : we=u>
21-¢2 12847 12¢.4 0.0 €.995 0,000 172 7 T 0.7 : : veee>
22-21  1244C 123.4 8.0 0,355 0.000 17137 7 S.t : i we<>
23-24  105.7 1uS.1 0,0 0,954 V.000 175 5 6 0.8 : : ve->

82 (CT 27 0-1 105.2 104.0 C.O0  C.954 0,000 179 5 € 0.5 : t -->
1=z lde.e 1n2.0 0.0 0.917 0.000 175 7 1 0.7 : : .-
2= 3 102.0 101.4 0.0  Ce954 0,000 179 e 7 0.¢€ : t ve=>
3= 4 102.3 101,17 0.0 €.936 0.000 129 8 6 0.6 : 1 +-->
o= 5 102.7 102.3 0.0 0.954 0.000 187 7 6 0.7 : : vee>
5- 6 113,79 103.3 0.0 0.954 0,000 184 7 6 0.¢€ : : tea>
b= 7  133.4 132.¢ 0.0 0,956 0,000 186 17 £ 0.° : : veee>
7-8  190.7 19u.1 .0 0,957 Q.00 1es 7 14 0.7 : : veceanas
8= § 186.2 185.6 C.O €957 €.000 187 6 13 0.€ : : tecenaees
9=1€  156.9 15445 0.0  0,9¢5 0,000 191 S 9 0.€ : 1 emcee>
=11 145.5 14b.9 0.0  0.996 0,000 185 6 9 0.6 : : secee>
1112 156.4 155.b CaC  Co?56 0,000 184 & 9 0.4 : 1 teeees
1213 160.€ 160.2 N0 0 996 0,000 176 7 10 1.0 : : semee>
13-14 161,727 159.5 0.0 0.9¢5 0,000 177 6 1C 0.6 : : veece>
1e=1S 15741 15647 0.0 C.9€5 0,000 171 s 11 1.0 : : veman>
151 15640 1536 0.0  0.956 0,000 165 11 11 1.5 : : veeen>
16-17  157.7 15943 0.0  0.985 0.000 164 8 1C 0.9 : : vemas
li-1&  100,3 15&.9 0.0 0.951 0,000 156 10 12 1.0 : : )
16°15  155.6 155.0 9.0 0.956 0.000 165 % 1C .7 : 3 e
1720 156.0 1S3.6 C.O  C.9€S N,0C0 163 S 9 0.9 : : secae>
20-21  15z.7 150.3 0,0  Q,0fL 0,000 17y 2 $ 0.¢ : : smmma>
21=22  l43.4 142.e 0.0 0,996 0.000 170 6 e 0.6 : : e=o=>
22-21 128,97 128,83 0.0 €.955 0,000 180 8 ! 0.2 : : ee=>
23=24  12S.7 123.3 0.0 0.5t 0,000 1711 s 1 0.7 : : eee>
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DATE TIME RIVER TURBN SPILL  TUREN SPILL  DIRECTION VELCCITY

YR NON DY SPAA FLOW FLOW FLluw RIVek RIVEK MEAN SD ME AN SC n: 213

82 CCT 30 0~ 1 151.7 1 31,1 J. 0 Ce955 0.0C0 149 10 7 lel : H ee=>
1= ¢ 13%.4 133.0 0.0 0.9t2 8,000 Lot 13 ? 0N.E : 3 e==>
2=~ 3 152,38 132.¢ n, 0 Ca?95 0.00v 1329 30 6 0.9 : H *=)
$e & 154 133, C. 0 Ca?56 040CU 143 ? 7 0.8 H : 0==)>
b~ < 140.1 139.5 L IV] 0.996 0.000 157 9 [V 4 H 1 amee>
5~ & 146.3 145.7 0., 0 0,756 04000 152 10 7 1.1 : H (LR 3]
6~ 1 166.8 1E6.2 Q.0 0.956 0,000 156 19 $ 0.t H H R T
7~ 8 181.¢ 17t.¢ v. 0 0,97 0.0M 157 14 12 1.2 : H FEE L RS
a=~ 9 185.72 1PR4&.6 0.0 0.957 C.000 157 11 11 1.5 b H t=cc=a)
V=10 1993 16%¢47 0.n 0,657 Q0o 150 2t 16 4ec H H R
to-11 201.5 290.9 0.0 0,997 Q.0Mm 155 9 12 1.0 H H L LTS
11~12 195.5 193.1 0.0 0.5¢t8 0,000 152 13 11 1.7 H H eeecas >
12~11 182.9 18&0.5 0.0 0.9¢7 0,000 149 4 10 1.2 H : pmeea>
15=-14 170.8 L Tu.¢ 0.0 0,956 04000 1514 9 1C 1.¢& H H te===)>
16~1¢ 1913 1°SCa? Ce 0 Ca396 0,000 146 a g8 042 H H] ecse)>
15-1¢ 146.5 1445 N. 0 0,96 V.00V 150 {1 € 1.2 H H LX)
16-17 156.2 1536 G. 0 0.9€5 0.000 146 10 9 1.¢C H H Seman)
1r =18 17461 173,55 0.0 Ce937 0,009 161 S 11 1.2 H H te o)
1£=19 1ee.3 187,07 N.0 0.957 Q.00 161 9 13 1.7 t H N mea=a)
19=-20 158.5 187.9 0. 0 0.9y7 (€.000 151 10 12 1.2 H H teccna)
20-¢1% 1t€E. 4 31 E5.¢E 0.0 0.957 0.000 152 12 11 1.t H H ece=n)>
21 =22 172.2 17i.b 0.0 0,997 0,000 153 15 11 1.1 H H teee=)
22°21 15€.8 15644 c. 0 C.325 0,000 155 9 € 0.8 3 H R X P]
23=24 146,95 142,59 0.0 0.996 0.000 153 9 € 1.3 3 H ec==>

g2 0c1 31 0= 1 141.0 140.4 c. 0 C.996 0.000 146 12 T 1.k H H tvca=)
1=z 140,3 1392 0.0 0,956 ©€,000 leb 12 7 l.¢ 3 3 ee=>
2= 1 139.7 13%.1 n.n 0.556 Q.90 149 13 T 1.0 H H e==>
3= & 1359.5 13049 C. 0 C.756 0.000 153 11 r 1.1 t t ame=)
§= & 143.5 142.% 0.0 0,956 0.000 156 10 ? 0.9 3 b t==>
3= € 148.5 14449 0.0 0.996 0.00 16 10 7 1.0 2 z e=o=>
6= 7 151.7 151.14 C, 0 Ce976 0,CO0 161 9 g2 0.6 ] 3 tmee)
7=t 1792 176.t N, 0 0,967 0,000 157 S E 1.6 H H EEL )
6= § 1ee. 1 187.5 7.0 0,557 0.000 161 4 1¢ 1.¢ H H g====)
y=1¢ 2160P 3 T C. 0 Ce 98 0,000 152 9 12 1.2 H H e cas=)
10-11 217.5 21544} 0.0 Q.9¢9 0,000 160 14 15 ) Y 3 1 [T E R TS )
11-12 203,55 £02.9 0., 0 0,257 0,000 161 14 16 1.2 H ] [LEXL LTRSS
12-11? 19C.9 18¢.5 0.0 C.282 04,000 161 13 15 1.2 H H tmccenae)
15=14 16€.F 164k 0.0 Ve 985 €0 160 12 12 1.7 H : e LR >
14 =45 1645.2 144,08 0, 0 0.996 0,000 1697 13 9 i.§ : H [EX T}
15-46 16342 14l4b f. 0 0,996 Q.00 loe 10 ¢ 1.1 H H twee)
16 =17 154.3 151.9 .0 0,9t N.0MW 162 19 9 1.4 H H ===
1/7=-18 169. 5 164d.7 0. 0 0.756 0.C00 162 {0 9 led H H teeve)
1E=-19$ 1763 12%.7 0,0 0,957 0.000 164 11 12 0.5 H : IRLEEES
19-¢0 165,595 15649 Cc. 0 £.7256 04,CN 168 9 11 1.1 : H ¢mm_e)>
20-21 161.6 3161.0 0. ¢ 0,756 040CO 171 a 11 C.8 H H Gmmmen)
21 =22 157.& 1522 v.0 0e 756 O.UNY 169 11 9 1.1 H H to=e>
2¢-23 141.5 140.9 ¢ 0 Ce996 0.000 174 4 11 0.9 H H teom=)
25 =24 128,77 128.1 0.0 0.955 0.00D 162 113 T 0.5 H H e===>



DATE TIML RIVER TURBN SPILL JUPEN  SPILL DIRECTION vELCCIYY

YR PON LY  SPAN FLUW FLOw FLOW HKIVER HRIVER  MEAN SD  MEAN SO 13 213

82 MOV 1 0- 1 111.6 111.0 0. 0 0.955 04CCO 167 11 7 0.9 1 H tm==)
1= < 105.9 103.95 n. 0 0,921 0,900 143 16 T Q.S H 3 a>
2= 1 106. Y 1NnL.7 C. O C.996 0,00 147 9 & 1.1 H 3 =)
3« & 1067 1Cbe 0.0 Qo954 VW00V 151 11 6 Cot H ] ao=>
b ¢ 113.9 112.9 n.n 04995 LaUNW 157 12 € le2 : : e-=>
5= 6 156.1  13%.95 0, 0 €C.956 0,000 159 1t S 1.¢C H 3 w==)
o= 17 lobs1 1635.5 a, ¢ 0,956 0,000 152 9 € lel 3 H e=~=>
r- € 163, 4 1El.b 0.0 0,957 d,00¢ 154 7 10 0.7 : H ece==)
8= S 159.7 15v.1 0.0 0.99% 0.000 147 10 17 1.4 : : P
9=-1¢ 151.€  1Si.90 N. ¢ 0,956 0,009 1e6 12 § l.¢€ H : gmme=>
10-11 157.% 156.7 9.0 0.7%6 0.000 194 12 [ l.¢ : H es==>
11-12 143,39 143.¢ C. 0 Ced96 0,000 158 9 g 1.C H H t=e=>
12-11 152 11 6 le3 H H a==>
13=14 117,38 11647 0. 0 Ce¥55 0,000 154 10 8 1.2 H : we==)
1615 133.7 13,1 C. 0 Ce956 04000 149 8 € lel : H s==>
15-1¢ 162.6 14240 .0 Q.956 0.000 162 e 10 0.7 H : 4=-==>
16=-17 1845 183,59 0.0 C.967 0,000 166 9 9 0.9 H H te==>
1706 21406  214aC 0.0 C.937 0.000 1o 9 1 0.5 : s emmmmana>
18-15 220,68 21B.4 0.0 C.9t9 0.CO00 166 11 17 2.1 : : teeemmnn >
172-20 c12.3 2C).9 0.0 C.5¢9 0.000 181 10 20 3.2 H H tescccauna)
2021 2957 dUL3 0.0 0.957 C,000 190 12 20 .1 ] 3 eccrccacan >
21-¢2 {726,101 19147 0.0 N.5¢8 0.00) 194 12 2C 3.¢ H H AR E “-—)>
22-213 168.4 1€7.8 C. 0 Ce9%6 0,000 123 10 16 0.¢ H 3 LTRSS
23-21¢ 153.¢ 153.¢ 0.0 0,956 0.009 1€5 ? 12 0.9 3 H tmcecn)>

62 NUV 2 0- 1 143.8 143502 0. 0 0.996 0,000 182 € 1¢ 0.5 H H sece=)
1= ¢ 138,0 137.4 C. C Ca995 0,000 1e7 € § 0.9 : 3 temee)>
= 1 1506 12¢.u e 0 Ce9t2 J.0M 164 6 S 0.8 H H a===>
3= & 1502 149.0b 0. 0 C.s996 0,000 184 S 1 0.6 H H ame=)
4= ¢ 1597 15v.1 f. 0 0.9956 nN,.000 182 € 10 1.2 3 H te=e=)
5= 6 182.0 1él.4 0. 0 0,957 0,000 178 6 1¢ 0.7 H H ae=me)
6= ? 20402 ZC3s6 0.0 Ce95? 0.000 180 14 11 0.6 M : geceva)
7° € 2465 4545 n.0 0,956 0.0M0 1177 15 1.1 : : homeean >
8~ 9 179.7 199.3 6. 0 0,957 0.000 184 11 20 3.2 H : tececcsaas)
9-1C 180.1 1795 0.0 0.997 0.000 161 10 1€ 1.0 H H tcrenaca)
1u-11 175.5 175.0 0,0 0,957 vV.0M 177 8 12 1.0 T H temaca)
11-12 1711 190.5 0.0 0,997 0,000 172 8 12 CeS H : 4eccce)
12-112 1Ee8.F  1E8,2 0.0 0,957 0.000 172 1 15 0.¢ 1 H teccsna)
13-14 130 18340 7.0 0.957 9W.000 12 13 1€ 0.7 H : ececeana)
14-15  183.5 16142 0.0 C€.950 0,000 185 10 16 1.1 1 ' aeccanan>
15-1¢ 208.4 292t 0.0 N.9517 0.C000 164 11 15 0.6 3 H tmceccoae)
16-17 210.2 ¢09.¢ 0. 0 0.957 0.000 191 10 19 1.5 ] 1 teccccnaa >
12-18 2146  144C 2,0 0,997 0.000 191 11 16 s.: 3 : eseecanens
18=1¢ c31.1 235 e U 0,957 0.000 17e 19 1¢& 4.0 H H ¢eevacnca)
19-2¢C 253.8 20144 0.0 €.9%1 0.000 176 10 1§ 3.¢ ] : gevronwans >
20+21 236.0 Z33.4 0.0 0.957 0.000 189 9 21 J.c 3 : tcesevecna)
21-¢2 219,35 219.0 .0 0557 0.0 162 11 21 0.¢ H H t-cercc=" -e>
22=21 197.0 1964 Ce 0 Ce957 0,000 129 12 2C GeS ) ] teecanccne)
2324 166.5 1€5.56 0.0 0,957 0,000 180 11 17 0.7 1 H peccacc=)



OATE TIME  REVER  TURBN  SPILL  JyR2N  SPILL DOIKECTION VELLCITY
YE FUN CY  SPAN FLOW  FLO®  FLOW  FIVEF nIVEK MEAN SD  MZAN  SD 1 213
82 NOY 3 0- 1 197, 17442 0.0 C.9f6 04000 183 10 1S CeS : : omsmman >
i~ 140.0 160.0 0.0 0,956 Q.00 172 9 13 U.t : t PO >
2= 3 i52.3 11,1 0.0  0.75% 0,000 180 6 9 0.€ ? 1 e===>
3. &4 133,828 113152 0.0 Ce9v6 N,000 1765 € 0.c : 3 eeme>
4= 5 139.7 139.1 €.  0.996 0,000 175 6 7 u.S . : SN
5= € 171.3  171.2 0. 0 0.757 0.000 110 6 T 0.4 ! - ame=>
6= 1 19€.1 15347 0.0 0.6¢f 0,000 177 12 Q.9 ! 3 tmvacn>
7. r 08,3 297.7 e 0,957 0,000 169 6 13 0.% . ! vemenn>
B 9 113.5 17249 0.0 C.997 0,000 112 10 16 C.¢ : : mmmemeo
y-10 168,46 1674t 0,0 0,956 0VeuM) 181 5 13 0.4 . : emsanm=)
10-11  149.1 146.0 0.0  0.957 0.000 128 8 12 0.¢€ : : tomema>
11-12  1uo2.6 1&1.C 0.0 0.9356 0.000 117 ¢ 10 0.7 : : ecane>
12-11  163.5 162.9 .0 0,956 Y000 163 It 0 0.0 : : »
15-14 160,79 1€0.3 0,0  0.996 0.0600 288 1 0 0.¢C ! . :
fo=15  162.& 1€0.¢ 0.0 Q.9¢5 0,000 : .
15-16  1bl.0 16V.4 6.0 0,956 0,000 : :
16.17 167,0 166.‘0 Ce C Ca9%6 0.000 . -
17 -1¢ 01.FP eNt.2 6.0 Q.9y7 0.000 3 y
18-19 197.5 18,9 0.0 0,957 0,000 ! :
19°2C t87.4 185.C 0.0 Co.9t? 0,000 . '
20-21 152,717 161.1 n.u 0.596 0.0M) N .
2i-2¢ 1593.7 151.3 C.0 C.9¢4 0.000 . :
22-2! 1307 g28.! 0.0  0s9E2 0,00 3 3
25-24 128,35 125.9 0N  0.961 0.000 3 g
82 MOV 4 9-1  110,0 109.4 .0 Ce?55 0,000 : .
1= ¢ 10S.& 1n5,2 0,0 N,954 0,000 : :
2~ 3 967 95041 0, 0 €.994 0,000 : :
3= & B1.9 Pl 0.0 Ce953 0,000 s ?
- 55,0 92.6 70 0.9i5 V.00) 1 3
b= € 120,72 120.3 0.0  0.955 0.000 : 1
6 12 18,7 1afal C. 0 C.9356 0,000 : H
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